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TRANSONIC EULER SOLUTIONS

ON MUTUALLY INTERFERING FINNED r30IEori,

Lawrence E. Lijewskii
Aerodynamics Branch

Aeromchanics Division
Lir Force Armament Laboratory

Eglin Air Force Base, Florida 325'12

Abstract solvers 3, 14 t.') n nnr -Uth these r.,

good engineerinkg :nohIit -onr :-n he obtained on
The ability of an Euler code to predict complex configuraitons. ; ' Flow calculations

mutual aerodynamic interference in the transonic have been 3ucer.nfuliy )utined on multiplie
regime was investigated. One, two, and three body unfinned bodies7, 9 nd two finned bodies 9 at Low
combinations of a cruciform finned configuration angles of attack. ReAlizt~c flight conditions
were examined at Mach numbers from 0.80 to 1.20 dictate the nees.3ty of7 predicting interference
and angles of attack up to ten degrees. Predicted aerodynamics for muliple finned bodies at Low to
surface pressure distributions were compared with moderate angles of attoeck.
wind tunnel data for the first time on three
finned bodies with success. The Euler code was The purpose of thir paper ,3 twofold; frt
found to predict body pressures well in many to investigate the ability ,f .n Euler code t
interference regions, although shock location predict mutual aerodyrinic interference, in.-
often was less accurate due to viscous effects in second, to examine the .,naracter~st'c physics that,
,he strongest interference flowfield near Mach 1. occurs in the transonic r'criflC -i00n finned bod'.
Rigid body phy.7ics of the three body combination are placed in clozLc proxi.mity. :nterferenc-
was investigated from integrated pressure distri- effects will he explo.-r,,- hy cenpcirng pressur:'!
tutions. Force and moment behavior was found to distributions for one. two, ind t:-ree nne,:
-~e ztrongly dependent upon Mach number, bodies with winu *,inne. jc.. :-rct -nd -.omen-

calculations for the three o2e ody se -

be examined along with oil flown ind dr'sssure
Nomenclature distributions to attempt t-o 2xplain the matual

aerodynamic phenomeno, o'eurrim, ')twnen flachs 0-400
Cp Pressure coefficient and 1.20.
Cp* Sonic pressure coefficient
Cmy Yawing moment coefficient
CmZ Pitching moment coefficient Cin fipurot.Lenr
Cy Yaw force coefficient
Cz Normal force coefficient The basic body geometry, Figjure 1, onsizts
FS Freestream condition of a tangent ogive forebody, yiindrical -enter-
U Lower body body, and tangent egive ifte-,roedy, rnae

Upper body mount on a sting. Praeh of hht! ruciCrrns .~
V/C Axial location per local chord length a MACA 0008 airfoil -,rsn o~tn .4tlh 2Kp03zo
X/L Axial Location per body length aspect ratio of 0-113- . 7!th Tn' , okly 41-

Angular Position arranged in single, Ioub.l , ind '.rip'.- :orO--
nations as illustrated .s -(.,c . heTp-ir-
t ion d is tance be twe en rod V L'or, -n,! vi 3

Introduction body diameters for both '.h loubl- -nd, -,rL,
configurations. 3urf.ice 41nro zt

It is widely recognized that speed, range, obtained at 198 pressure t.aps, ;hk-n were o t
and endurance of fighter aircraft is influenced by in four longitudinal rown on hoi )ooy, ind
the aerodynamic forces generated by mutually 3panwise rows on the finn. 7ho eitv fg~,
interfering bodies in external carriage. In orientation is as shown w0tt:i c ilwiyt- 1.
addition, the release of these bodies from the top of each body.
parent aircraft is highly dependent on their
aerodynamic interrelationship when In close/
proximity. This influence is most pronounced in 6 056 1
the transonic regime where modern tactical 6 S6 R
fighters often operate. Until recently, it has /-6667 1.i 882-
been difficult to numerically predict the aero- -3333--~'~
dynamic flowfield about mutually interfering I
bodies in the transonic Mach range, where ....... 0
embedded regions of subsonic and supersonic flow
preclude the use of marching codes. With the 0 700 v ~ -
advent of generalized, arbitrary geometry, multi- ai-s~t'60 - 1S549

1 '-2 1.1block grid codes 1,2 and sophisticated flow - ;3332-

'Research Scientist Fig. Finned Rody ',mery
Senior Member, AIAA

-:,is paper is declared a work or the U.S. Government and
is not subject to copyright protection in the United States.
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Fig . 9 D loc ki n, .crn,.7

Fig. 6 Reflection and Back Planes, djifference-split form ofr J-r r .i'n 7tII....

3-Body Case a modified Poe scheme t.h-it L.,; ~ ~ '

range of Courant riumbers ',r _eoPdy- I.? :' MP-

seven blocks each stacked axially. The dimensions tations. The third-order minmod I zlC r.- , .

of blocks 1-12 are identical to those in the three option in the code was used ,) r I-711ZUIItLn

body case, with the same grid spacings maintained with a Courant number cif 5. 7iil.er qer,,Jn

whenever possible. The wireframe grid cross- obtained at Mach numbern, trom 0.2r .i

3ection for tne single body configuration is shown angles of attack uip to 10 Jegr-'o. All ver.,

In Figure 8. 7hi3 grid is now 24 blocks (289,4B32 run to convergence, otL 1,0nQ sr0'O

points), simply by adding three outer boundary apeed of approximat-ly 1.)

blocks where t~he reflection plane was located in iteration.

Figure 7. Here the size of the first 21 blocks

are the s3ame as before with the same spacing Multi-Body Pressure (omparlzons

enforced where possible.
To illustrate the aerodynm..c Lnter:'iSSSrc

the multi-body cases. 17i~~ur I '.ts h,-rs

Computational Results coefficients on the inboard Oi1dc r !4, p :!?' V

for the three finned configurlLinnn i'. o

The flow solver used was t e Euler code and zero degreas anglo or f -iank .2

Javeloped by Belk, Whitfield , et al' . The solver that by adding a second ody -id .1~in

.s an Implicit, two-paas, upwind scheme, second flow is forced to -icceler-ite b'i!twcen tli' noiit i

order accurate in space. It solves the flux-

3



data shows no change in the shock location as forward, influencfd by '-he interference 'lowfield.
additional bodies are added, although the magni- Clearly, the inviscid code has difficulty predict-
tude of the expansion increases. With this body ing the shock l~ocation In the viscous r~o
location being the farthest from the third body, between the bodie.
'he relatively small increase in flow expansion is
not surprising. _____________3-000Y.____ALPHA___0

I4- MAclI 0. J5 V.lt119 :1 BODY. ALPHA 10
-i IC L, 05 AILlER I:~ -BDY ALU

00 ACHI I JS - l 011t 3-BODY OATA 3-ROOD'. ALPHA
ALPA0 KElLE I -BOOT ('p -1I 00 IIATA I BOOT. ALiIIA 10

80 111 EIAEA .- ROOT -0 g0- DATA I -BODY. AILPHIA a
* DATA 3-BODY -00n A A I -flODY. ALPHIA II~

-60 * DATA 2-RODT 0.0 .

-0.0

120- / / b

o 00 - 0 , 0 A - s e---- --- --- -

0 :0 0 0.20 0.40 0.60 0.110 1 00

00 0.20 0.40 0 .60 0.80 1.00 F'ig. 11f Angle of Attack Effects,

Ipper Body, Lower 3ide

'i.2 Configuration Effects,
Upper Body, Upper Side

On the bottom body, however, in .nexpect-.
pattern was observed, Fifgure 1. As tce .ongi -:'

When tlie -nree-body case was placed at angle attack increased, the magnitude of the nocy
of attack, tfte agreement with data was, in pressure expansion on the leeward side actually
g eneral, as good as before. Figure 13 shows the decreased, opposite to that. observed in the single
Lructure it' --.-e pressure distribution on the top body case and on the upper Dody, 5>jure

side of the upper body at Mach 0.95. In addition, addition, the shock moved aift rather than forward,
pressure distributions for the single body case although the data shows Little, it' aoy, movement.
are also plotted for freestream reference. In It appears that the upper bodies in the three-body
both the one and three body cases, the curves are case appear to dominate the overall flowfield i..

consistent as angle of attack increases to ten this case by not only establishing the :strong body/
d egrees. At angle of attack, both cases show shock in the interferenced region tnat fi 1 

-C

increased expansion and forward movement of the farther downstream on the lower body, but alzo
shocks when compared to zero angle of attack inhibiting the normal expansion that would occur
2urves . On t he windward side of the upper body, on a body leeside at -nglc of ittac k. 7hlr --

Fiigure 14, the Clow expansions decreased and the probably due to a channeting eff' ct botw,?en
body shock moved rearward with increasing angle of three bodies that in essence not only reduces -n
i.ack. :n the si.igle body case the wind tunnel effective angle of attack on the lower bodv, -i..
lata confirms t.nis prediction, but in the three- also limits the leesidJe expansion )-n '.h- -
body case it Joes not. The data shows the body to the magnitude of' the windward * xp.noion -

opposite effect with the shock moving slightly the upper body.

-i 6P __ -1. o0 - iI0 -OO, ll'A
-i I o YO'ACII 0 35 -- hI.lt I-BOOT, A LPHA 10 -1.40- MACU 0.95 - - -FlLE .1 ROOT. AI.I'IIA in

Pill 5 M-- ILED'R I2-ROOT, A LPHA 0 Pill 30 MLEFR I -ROOT. ALPH'IA
120 NXlER I -BODT, A LPHA 10 -1.20- EMI1.FR I -BOOT. AILPHIA 10

P -l 1 c 00 DATA 3-0OOT. ALPHA 0 C p -1.00- 0 ATA I-HOOD'. A I I a
DATA 1-ROOT,: ALPHA 10 * fAA . OT 111

-0 80 * DATA I -ROOT, ALPHA 0 ,.'-0.80- * DATA I -I11'. ?IfIA (I
DATA I -BOOT, A LPHA 10 //I) I-1D.41-1 V

-a 50 al-0.60. -. 8
o

-1) 40 - ~-0.40- ~ , 4- I
-0.200

1 10

X/L 0/I.

Fig. Angle of Attack Effects, Fig. 15 Angle of' Attack Effects,

Uipper Body, Upper Side Lower Body, Upper Side



Mach 0.80. The two expansion regions on the 1 2--

inboard side at the nose and tail provide a strong 100 Mi: I :I$.5
inboard force when compared to the same two out- Al'lI VI.FE. 5 VS
board locations. This identical pattern was also 0 fin DATA 85
observed on the upper/lower sides of both the CP * DATA .(5 

upper and lower bodies, where the expansion peaks DATA 35 n

on the maximum interference sides determined the ) ,,

force direction. The result was an inward/ -o20 L.I Do~-,
downward Force on the upper body and upward force 10 - .
on the lower body. Supersonically, the forces
reverse themselves. The pressure distribution on 0 o 2 o Q '

inboard and outboard sides of the upper body, 0.
Figure 21, give evidence for this reversal. In
marked contrast to Mach 0.80, the flow expansion (0 60 C

in the fin region is nearly the same from one side 0
of the body to the other. In addition, the
pressure on the outboard side of the nose expands i.00 00 0 40 060 0.80 i 00
more rapidly than the inboard side, resulting in a <I
net outboard force. However, the significant

Fig. 21 Supersonic Interference Effects,
-140 Upper Body

VIILER 4520 MACIH 0.00 . IllIK 15
ALPHA 0 V.I ER 85 S

-1 00 DATA 85 /.
o DATA _65 / | ; 30 --C+P Q 80 A 5F i.1
0 DATA 85 S I o0 A(1II I R rO

) 60 HIMF 150 FS

'04 -160 . : Rf5

01 20 o .0

04 II I0

. DoO 0.20 0.40 0.60 0.80 lOO II 61 s o

XIL 0I 80

Fig. 20 Subsonic Interference Effects, % 0 0 W2W
Upper Body .

contributions to the outward force occurs as i Fig. 22 Cupersonic :ntr.-r -Cr'r- n, , rf' to

result of the shock on the body near the fin ower 7oov

leading edge region. Unlike at Mach 0.80 where
little d.fference was observed across the body in

the compression region after the body shock, a

significant difference occurs here across the inboard side or F ho uppe:r , L,2, m in .

body, resulting in an outward force. Only the pitching and ywing omnt.:. -h I I nIc

large expansion region prior to the shock on the 3cross this fin section prom ulo~har ',- -noar.
inboard side, X/L = 0.30 to 0.60, serves to is so great that the Fin oect.ons mvp oward -ic;

minimize the outward force. Again the identical other. Since this ilso occurs n toe vertiso

behavior was seen on the upper/lower sides of the plane of both the upper ind >ower bod.:s, ! .

upper and lower bodies. Figure 22 supports this result is that the nose oF the 'jpp'r body pitche.:
observation on the lower body and shows the good upward and yaws outboard, while the nose :) " "

agreement between prediction and data that was lower body pitches downward. Thi s phenomena ".i.

consistent throughout the investigation. The been observed on numerous occasions _ ,bsoni,:

result is that at Mach 1.20, the resultant force flight of actual aircraft with multiple bodies .n-

is outward/upward on the upper body, and downward carriage. Reversal oF this trnd -upersonicail.

)n the lower body. can be explained frorn F1r 'i nd ,
dominant feature here is the ,ircg 3hock on ".

Investigation oF the moment coefficients body at X/L = 0.67, with the iccompanyinl, ,xpan-
yielded an equally interesting explanation. sion area before and sharp cnmnpr,,ssion ,egion

Figure 19 shows that the bodies react to the after. This expansion/compression forms . -oupie
subsonic flow opposite to that in supersonic flow. that rotates the nose inward and the Fin :eo- on

Subsonically, the nose of each body moves away outward. The magnitudo oF tone mom.nt .
from the other, while the fin sections move toward restricted by the proximity oF toe forces to .ne

each other. In supersonic flow the direct oppo- moment reference center, ind o count'rbctinr
site occurs, where the body nose sections come nose compression on the inboard '. 3nce "n'

together while the Fin sections move apart. At vertical plane oF both the upper mi lowr bohi,2

Mach 0.80, Figure 20, the Flow expansion on the are iimilarly effected, Lhe r'-' , Ott 'n

7



-I 40 At angle: ,)r 1ttack, ir was found that the

-I Z MAt 0.A0 interference efV..ctn on tee lower body were iuitc
ALPHA 0 the opposite to what was !xpected. In the three-

-I 0o- PIt 15 .- body case, the flow was channeled between the

CP 0 so - bodies. As a result., the oxpansion on the upper

0I 60 or leeside of the lower body actually diminished

40A - with angle of itta k, limited to the expansion on

-O a- - ,the windward side of the apper body.

1 00 ) It was also found that the rigid-body physics

0.20 of the three-body configuration was dependent on
Mach number. This was primarily caused by the

0.40 K -- EU UPPK3 0.30 rearward movement of the expansion regions and
-ILIIR LOIKI 8.30

0.60 - DATA UPPER 0.30 subsequent shocks as the Mach increased from 0.30
8* DATA LOIRE 0.30 to 1.20. Subsonically, the bodies tended to be

0pi 1. 0 020 04I.0 .0 10 pulled together at the fin sections, resulting in

go. 0.20 0.40 0.60 0.80 1.00 nose-outward moments. Supersonically, the bodies
X/C repulsed each other with resulting nose-inward

moments. These physical reactions to the
Fig. 27 Fin Subsonic Interference Effects interference flowfield, as well as the flowfield

itself, were found to be adequately predicted by
the Euler code. The lominant trends were

-I to predicted, although the fine details in the

I 2o MA(I I A- F.IJLI.9k UPPER 0.30 viscous regions were not.

AL1'ElA A - EULER LOWER 0 10
-1 00O Pi1 315 0 DATA UPPER 0.30

* DATA LOWER 0. 30
0P go8- P .r-ncr',:-

0 60
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